Engineering Research Review 2018 by Engineering Research, Office of
ENGINEERING
RESEARCH
R EV I E W  2 018
Office of Engineering Research
Dear Colleagues,
Another year has sped rapidly by and it is time again to provide you with a snapshot 
of the research activities in the Jerome J. Lohr College of Engineering from the 
past year.
Our feature story is, indeed, a matter of focus as we share with you the 
microscopy resources our faculty use to perform their research. These 
resources bear a variety of names, some of which literally describe how the 
resources work. For example, the college’s atomic force microscopes work 
based on the forces that exist at the atomic level when a charged minutely sized 
probe is placed close to a material’s surface. Our researchers are able to view 
the structure of almost any material to the nanometer level. These resources are 
available not only in our college, but also across the university and to those in 
the industry with imaging needs.
As another example of faculty research, Assistant Professor Todd Letcher in 
the Department of Mechanical Engineering developed a relationship with NASA 
revolving around 3D printing. This type of additive manufacturing has taken 
almost every industry by storm, and you can even find 3D printers in private 
homes. However, the additive manufacturing research with NASA is demanding 
in a different sort of way—how do you build tools and devices and then recycle 
them to build new devices on the International Space Station? Letcher will be 
sharing this project with his senior design students so there is no doubt that a 
novel idea or two will develop.
Many other projects are underway, from improving asphalt durability to utilizing 
data analysis to supporting long-term weight loss or to removing disinfection 
byproducts from wastewater. Our college always has something new and 
innovative to report.
Several new strategic initiatives also launched in the past year. These include 
strengthening our graduate programs, tightening our relationship with the 
Research Park at SDSU, continuing our partnership with the College of 
Agriculture, Food and Environmental Sciences in precision agriculture, and 
changing leadership with Bruce Berdanier starting July 1 as our new dean. In 
the midst of all this, surprisingly, our external funding and expenditure levels fell 
slightly last year and the college saw fewer projects funded.
In addition to the microscopy capabilities described in this issue, the college 
features a variety of laboratories with a broad array of equipment. If your 
company or research is in need of testing or analysis of materials, systems 
or data, there’s a good chance we can provide the support. Contact us for 
opportunities to engage with our expertise and facilities.
Dennis Helder, Ph.D. 
Associate Dean for Research 
Distinguished Professor of Electrical Engineering
South Dakota State University
Office of Engineering Research
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Different types of stain react based 
on the cell wall composition to 
produce this image of the structures 
within a healthy sunflower stem at 
six weeks growth.
See feature on microscopy pp 8-13.
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Wastewater treatment plants use disinfectants, such as chlorine, to kill harmful microorganisms 
before releasing the effluent water into 
rivers and streams. However, these 
disinfectants can also react with organic 
matter in the treated wastewater, forming 
byproducts that negatively impact the 
aquatic ecosystem and human health. 
When water treatment plants use 
the surface water downstream of the 
wastewater plant, these disinfection 
byproducts (DBPs) could be in drinking 
water, according to Assistant Professor 
Guanghui Hua in the Department of Civil 
and Environmental Engineering. 
Toxicity studies using animal models 
and epidemiological studies indicate that 
DBPs may be associated with several 
types of cancer, spontaneous abortions 
and birth defects, Hua said. Though 
U.S. Environmental Protection Agency 
regulations have focused on DBPs in 
drinking water, the increased practice of 
reusing treated wastewater means that 
DBPs in wastewater are gaining more 
attention.
DBPs are both a human health risk 
and an environmental problem. 
“Plants and animals are also 
exposed to DBPs in the stream,” Hua 
said. Through lab-scale testing, he and 
doctoral student Ibrahim Abusallout 
have identified two promising treatment 
methods that can remove more than 
50 percent of DBPs from simulated 
wastewater in minutes versus hours.
The Performance Evaluation of Water 
and Wastewater Treatment contract 
between Brookings Municipal Utilities 
and the SDSU Water and Environmental 
Engineering Research Center funds the 
research. 
Disinfecting water
“Chlorine is the most widely used 
method for disinfecting drinking water 
and wastewater,” Hua said. 
The use of chlorine, which began in 
the early 1900s, “revolutionized water 
purification and reduced the incidence of 
waterborne diseases,” such as cholera 
and typhoid fever, worldwide, according 
to the Centers for Disease Control and 
Prevention.
However, since 1970s, researchers 
found chlorine can react with organic 
substances in surface water to produce 
trihalomethanes and haloacetic acids. 
The EPA now regulates the levels of 
these two DBPs, as well as bromate and 
chlorite, in drinking water. 
An increasing number of drinking 
water utilities are now switching to 
alternative disinfection methods. 
Currently about 30 percent of utilities use 
Researchers identify methods
to remove toxic byproducts
       from wastewater
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chloramine, while 10 percent have adopted 
chlorine dioxide, ozone or ultraviolet 
radiation disinfection, according to Hua. 
Sioux Falls, for instance, now gets 
its drinking water through the Lewis and 
Clark Regional Water System, which uses 
chloramine as a disinfectant.
Though chloramine reduces some 
regulated DBPs, it can also generate other 
unregulated ones that are much more 
toxic, he said. More than 600 DBPs have 
been reported in drinking water. 
“These alternative disinfection methods 
generate their own suite of chemical 
byproducts” Hua said. “There is no one-
size-fits-all solution.” 
That’s why finding an efficient method 
of removing DBPs is important.
Evaluating removal methods
Abusallout evaluated the effectiveness 
of three removal methods on four 
disinfection byproduct classes. Chlorine 
and chloramine react with naturally existing 
organic materials to form chlorinated and 
chloraminated DBPs. Bromide and iodide 
ions that exist naturally in water can be 
oxidized by chlorine to create bromine 
and iodine, which then react with organic 
materials to form brominated and iodinated 
DBPs. 
“These are more toxic than the 
chlorinated and chloraminated ones,” 
Abusallout said.
One natural process to remove DBPs 
is through natural sunlight irradiation, Hua 
explained. The wastewater can be exposed 
to direct sunlight in a natural, shallow 
reservoir to remove the compounds. The 
researchers found that the half-life, the 
time required to remove 50 percent of the 
DBPs, using sunlight alone varies from 
three to 11 hours.
However, two engineered treatment 
processes that also utilize natural sunlight 
can remove DBPs in less than an hour, 
according to Hua. 
Both methods use catalysts that 
generate an oxidation agent known as 
a hydroxyl radical, which breaks the 
compounds into elements, such as carbon 
dioxide, water and inorganic halides, all of 
which are harmless. 
“Hydroxyl radicals are one of the 
most efficient oxidation agents in water 
treatment,” Hua said. 
The first method, known as solar 
titanium dioxide, generates hydroxyl 
radicals using titanium dioxide and 
sunlight. 
“The titanium dioxide will continue 
to self-regenerate to produce the radical 
under the sunlight,” he said. 
The second method, called the photo-
fenton process, involves adding ferrous 
iron (Fe II) and hydrogen peroxide to the 
wastewater. 
“Ferrous iron will react with the 
hydrogen peroxide to produce hydroxyl 
radicals and ferric iron (Fe III),” Hua  
said. The sunlight then reacts with  
Fe III changing it back to Fe II, so that  
only hydrogen peroxide must be added  
to continue the process.
These advanced processes reduce the 
reaction time to minutes and are effective 
at removing all of the DBP classes tested, 
Hua explained. In addition, brominated and 
iodinated compounds are more degradable 
than the chlorinated ones. 
“The two that are the most toxic break 
down faster,” Abusallout added. 
For instance, Abusallout reported that 
the solar titanium dioxide method almost 
completely removed iodinated DBPs after 
20 minutes of natural sunlight exposure, 
chloraminated DBPs after 30 minutes 
and brominated DBPs after 60 minutes. 
However, he pointed out, chlorinated DBPs 
are most resistant to this method, with 
only 60 percent broken down after 60 
minutes in natural sunlight. 
Similar results were recorded for the 
photo-fenton method. 
“Both technologies may be viable 
options to target the removal of these 
highly toxic chemicals in wastewater,” 
Hua said. Either technology could be 
implemented in a continuous flow system 
or an open storage area. 
However, since these experiments were 
done with simulated wastewater, the next 
step will be to do the lab-scale experiments 
using real wastewater. 
“We must evaluate different water 
matrices because the chemicals in the 
wastewater may impact the efficiency of 
these technologies,” Hua said. 
Though more research is needed 
before these methods can be applied for 
wastewater treatment, Hua says the results 
are very encouraging. Research to help 
Brookings Municipal Utilities find ways 
to mitigate the impact of DBPs may help 
wastewater treatment plants nationwide.
“This is an important issue that has 
national and international implications,”  
he said. 
1. To evaluate the effectiveness of 
titanium dioxide and sunlight at removing 
disinfection byproducts from wastewater, 
doctoral student Ibrahim Abusallout 
runs 40 milliliters of each treated sample 
through a carbon filter to capture any 
remaining disinfection byproducts. 
2. Disinfectant byproduct-laden water is 
exposed to sunlight for up to 60 minutes. 
White tubes contain titanium dioxide and 
water samples; clear tubes contain water 
samples only for comparison. 
3. Abusallout loads the carbon into 
a machine to measure the remaining 
disinfection byproducts in the treated 
water sample.
4. The carbon that has captured the 
disinfection byproducts is removed from 





Researchers in the Department of Mathematics and Statistics are harnessing the power of data 
analytics to help Profile by Sanford 
increase the effectiveness of its 
individualized weight-loss program. What 
they learn will help members achieve their 
goals through the Profile program. 
 “We are finding patterns that will help 
clients and the weight management team 
and coaches,” said Associate Professor 
Xijin Ge, whose specialty is bioinformatics 
and data mining. 
Profile coaches can use the results from 
the research to identify when clients may 
be at risk of dropping out of the program. 
Ge is working with Associate Professor 
Gemechis Djira, Assistant Professor Gary 
Hatfield and Sanford Research Senior 
Scientist Paul Thompson, as well as 
Mathematics and Statistics Department 
Head and Professor Kurt Cogswell. 
 
The researchers, who began the data 
analysis in 2014, received $155,014 in 
funding through a partnership between 
Sanford Health and South Dakota State 
University and with support from the 
South Dakota Board of Regents Research 
and Development Innovation Program.
“Using big data to identify trends 
gives us another way to individualize 
the program, to personalize what we do 
to make sure that person is successful. 
We know the program works. It’s our 
responsibility to be there and help,” said 
Stephen Herrmann, director of program 
development and training for Profile by 
Sanford. 
Their work is part of the nationwide 
effort to fight obesity and reduce health-
care costs. Approximately 30 percent of 
South Dakota adults are considered obese, 
according to the Centers for Disease 
Control and Prevention. 
“This is a very important problem,” 
Ge said. Obese adults spend 42 percent 
more on health care than those who 
maintain a healthy weight, according 
to stateofobesity.org. Further, a 2008 
study estimated that a $10 per person 
investment in community-based programs 
proven to improve diet, exercise and 
lifestyles could save the nation more than 
$16 billion annually within five years.
Using descriptive analytics
“We are the first to really dig into 
the data to get a broader view of 
how members overall are doing in 
the program,” Ge said. “This is an 
observational study. We take the data and 
look for associations.” 
Using client data from 2014 to 2016, 
doctoral student Valerie Bares, now a 
senior biostatistician at Sanford Research, 
identified characteristics and behaviors 
that may have influenced weight loss. 
“Fourteen datasets were evaluated, some 
containing millions of observations,” Bares 
wrote in her dissertation.
Statisticians help  
Sanford increase effectiveness of 
weight-loss program
ABOVE: Each Profile by Sanford client 
receives a smart scale that transfers 
data to their file allowing their coaches 
to track their progress. - Photo courtesy 
of Profile by Sanford.
LEFT: A coach at Profile by Sanford 
helps a client select foods that support 
her weight-loss program. Through the 
use of data analytics, coaches may be 
able to anticipate when clients struggle 
and make changes that will help them 
attain their weight loss goals. - Photo 
courtesy of Profile by Sanford.
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She applied a variety of statistical 
methods to analyze data from more than 
33,000 Profile members. Analyzing the 
members’ demographics, Bares found 
77.2 percent were women, 72.5 percent 
were between the ages of 30 and 60 and 
nearly 60 percent were married. Two-
thirds were classified as obese with a 
BMI of 30 or above when they started the 
program. 
“In general, we found Profile works very 
well,” Ge said. 
Members typically lose more than 10 
percent of their original body weight and 
most reach their maximum percentage 
weight loss after six months on the 
program. However, by month six, more 
than half the members have stopped 
attending coaching appointments. From 
months nine through 12, members begin 
to gain back some of the weight. 
“This is where they struggle,” Ge said. 
“We want to use math to help them stay 
healthy over the long term.” 
Looking at associations, risk-to-event
The team used a repeated measures 
model to analyze change in weight while 
on the program.  
Though men tend 
to lose weight more 
quickly than women, 
the weight loss levels 
out at about month 
seven, Ge explained. 
For those remaining 
in the program for 12 
months, women lose 
1.9 percentage points 
more weight than men. 
Bares used a linear 
mixed effects model 
to determine how 
factors such as coach 
meeting frequency, 
affect weight loss 
after 12 months in the 
program. (see chart below)The model 
allows inclusion of fixed effects, like age 
and gender, and random effects, such as 
time and individual Profile member. 
“The people who meet with their weight 
loss coaches more frequently tend to lose 
more weight,” Ge said. 
Meeting with a coach one more time 
per month could result in an average 2.5 
percentage points more weight loss for 
those who weigh themselves monthly. 
However, by month 12, only 16 percent 
of Profile members attend one or more 
coach meeting per month.
Bares chose joint modeling for 
assessing a client’s risk of dropping out of 
the weight loss program. 
“It joins a repeated measures model 
with a survival model using the joint 
likelihood method to utilize survival 
and longitudinal data simultaneously,” 
she explained. This allows the inclusion 
of time-dependent covariates, such as 
weight loss, to model the time to an 
event—in this case, dropping out. 
“Being older, married and a woman 
were associated with lower dropout risk,” 
Ge reported. The model reveals a 140 
percent increased risk of dropping out 
with each percentage point increase in 
monthly weight gain. 
Moving toward predictive analytics
During the second phase of the project, 
doctoral student Runan Yao will build on 
Bares’ work using four years of member 
data.
“We will dig deeper into the analytics 
and implement what we find into 
something actionable,” Ge said. 
 As Profile by Sanford expands, 
Herrmann hopes to use predictive 
algorithms to identify those at risk for 
dropping out and then test different 
approaches to retain those members.
 “The long-term goal is to move from a 
place where we have descriptive analytics 
to predictive analytics, which is what we 
are working on now,” Herrmann said. 
“Through this research, we can narrow the 
focus to the most meaningful predictive 
variables and use this information to 
help our members be more successful at 
losing weight and keeping it off.”
“We are finding patterns that  
will help clients and  
the weight management team and coaches.”
Xijin Ge
Associate Professor 
Department of Mathematics and Statistics
xijin.ge@sdstate.edu
WEIGHT LOSS MEETING AND WEIGHT LOSS
This graph combines multiple analysis 
methods. Darker colors in the scatter plot 
represent more observations. The dark 
gray line represents a cubic polynomial, the 
black line is the linear relationship between 
weight loss and coach meeting, and the light 
gray line is the Loess curve to fit a smooth 
relationship between the two variable.
As a doctoral student, Valerie Bares analyzed two years of client data 
to identify characteristics and behaviors influencing weight loss. 
Bares now is a senior biostatistician at Sanford Research.
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Sticking to it” is the name of the game when it comes to asphalt. Assistant Professor Rouzbeh Ghabchi of the Department 
of Civil and Environmental Engineering describes research on 
how asphalt bonds as “reverse engineering of the detergent 
industry.
“Detergents debond the dirt from cloth. We want the dirt to 
stick,” he said. 
To create more durable asphalt roads, Ghabchi is developing 
guidelines to apply tack coats that bond asphalt layers and is 
evaluating the potential for moisture-induced damage in asphalt 
mixes. More than 80 percent of the state’s highways are made 
of asphalt, and more than 65 percent of traffic travels on the 
state highway system, according to the 2016-17 South Dakota 
Department of Transportation Fact Book. 
“Our goal is to save taxpayer money by making asphalt 
pavements last longer,” Ghabchi said. 
Ghabchi completed his doctorate at the University of 
Oklahoma in spring 2014 and then was a senior postdoctoral 
research fellow there for two years. While in Oklahoma, he 
was involved in more than $1.2 million in transportation 
infrastructure materials research focused on asphalt pavements. 
He came to SDSU in 2016.
Ghabchi, who has been updating and rebuilding the 
department’s transportation infrastructure materials’ research 
capabilities, emphasized the importance of working closely with 
SD DOT engineers. 
 “You need to learn about the problems from their [SD DOT’s] 
end,” he said. Two master’s students and one doctoral student 
work with Ghabchi.
Bonding asphalt layers
Through a two-year, $75,000 grant from the Mountain Plains 
Consortium, Ghabchi and his team are working to develop 
guidelines for the application of tack coat, a substance that 
bonds the asphalt layers together.  
Most tack coats are emulsified asphalt products sprayed on 
a prepared road surface. When the tack coat changes color, the 
next asphalt layer can be applied. 
“If you have 8 inches of asphalt, for example, it may be 
applied in two 4-inch-thick layers,” he said. Each layer of asphalt 
must then be properly compacted. 
“You want all the layers to behave as one system,” he said 
The researchers tested three types of tack coat at three 
application rates—0.031, 0.062 and 0.155 gallons per square 
yard—as well as no tack coat. 
“The products have different properties and their behavior can 
be different depending on the type of surface on which they are 
applied,” Ghabchi said. 
They examined four types of surfaces: a concrete base, fresh 
asphalt, worn/aged asphalt and milled asphalt. Usually, in mill 
and fill overlay projects, the old surface is milled before a new 
asphalt layer is constructed. On rare occasion, however, a new 
layer is applied directly to existing aged asphalt. 
The researchers found that increasing the amount of tack  
coat does not necessarily increase the interlayer shear strength 
of the pavement structure. After reaching the optimum 
application rate within a specific temperature range, the strength 
begins to decline when increasing the amount of tack coat 
applied, he explained.
In addition to sealing the layers together, the tack coat also 
waterproofs the joints. 
However, Ghabchi said, “Asphalt pavement is not 100 percent 
impermeable. When water penetrates the layers and freezes, it 
causes cracking and potholes.”
Using the optimum application rate for each product, Ghabchi 
and his team evaluated how the freeze-thaw cycle impacts tack 
coat effectiveness and pavement durability. After compaction, 
each two-layer sample is submerged in water for 16 hours at 
approximately 64 degrees Fahrenheit and subjected to a vacuum 
to achieve 70 to 80 percent saturation. The water-laden samples 
are frozen and then kept at 77 degrees Fahrenheit for two hours 
before testing.
Asphalt research  
   helps make
    South Dakota roads 
        more durable
“
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“Our goal is to save taxpayer money  
by making asphalt pavements last longer.”
Rouzbeh Ghabchi 
Assistant Professor 
Department of Civil and Environmental Engineering
rouzbeh.ghabchi@sdstate.edu
“We will see how much decay in strength happens compared 
to the dry condition. This will tell us which combination of 
tack coat and application rate is more effective at bonding the 
pavement layers and mitigating moisture damage,” Ghabchi said. 
Evaluating moisture-induced damage 
In a subsequent project begun in 2017, Ghabchi is evaluating 
the effect of moisture-induced damage on South Dakota’s 
asphalt mixes. The 1.5-year, $194,089 project is sponsored 
jointly by the Mountain Plains Consortium and South Dakota 
State University. 
He is working with four types of quartzite and granite 
aggregates commonly used in South Dakota asphalt mixes and 
four types of asphalt binders from a South Dakota supplier. 
Moisture-induced damage, also called stripping, reduces the 
bond strength between the aggregates and the binder, thus 
decreasing the strength and durability of the asphalt pavement. 
Ghabchi and his team also look at moisture-induced damage 
when using warm-mix asphalt, an alternative to the traditional 
hot-mix asphalt, which can reduce energy costs and emissions 
by 30 percent. 
“The use of warm-mix asphalt technology makes the mix more 
workable at a lower temperature. It is also used as a compaction 
aid in cold temperatures,” he said. 
This research project also addresses the use of recycled 
asphalt pavement. Many states allow the use of 10 to 25 percent 
reclaimed asphalt pavement in their mixes, but South Dakota 
does not—yet. 
He is also examining how antistripping agents can improve 
the performance of the asphalt mix. These agents help prevent 
deterioration of the black, viscous hydrocarbon mixture called 
bitumen that holds the aggregates together. 
“Asphalt binders and aggregates from different sources have 
different chemistries based on where they come from,” he said. 
“Some work well with antistripping agents; others do not.”
Through these research projects, Ghabchi and his team make 
recommendations to help asphalt mixes stick together and make 
South Dakota’s highways last longer.
Doctoral student Buddhika Prasad Rajapaksha 
pours an asphalt mix into a compaction mold.
Using a bond strength tester, graduate student Rajan Acharya, left, and 
assistant professor Rouzbeh Ghabchi determine how moisture impacts 
the adhesion of the binder to the aggregate. 
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Whether examining the vascular structures in a 
sunflower stem, determining surface roughness 
or working with thin-film materials that capture 
electrons, microscopy powers research at South 
Dakota State University. 
The variety of microscopes in the Jerome J. Lohr 
College of Engineering help researchers understand 
the structure and composition of materials at the 
macro, micro and nano levels. Researchers on and 
off campus can have specimens scanned for a fee by 







“Determining which microscope to use depends 
on how much detail and how much time the user 
wants to invest in getting that image.”
- ANAMIKA PRASAD, Assistant Professor
8
Determining which microscope faculty researchers in the Department of Mechanical Engineering will use depends on the type of material they are examining 
and the amount of detail and data they wish to acquire. 
Imaging plant, animal tissue
The digital two-light optical microscope in Assistant 
Professor Anamika Prasad’s lab is a cost-effective 
means of examining the surfaces of materials, 
including biological samples. Her research ranges 
from assessing the effect of medical radiation on 
bone tissue to examining how stressors, such as 
disease and drought, affect plant structure.
The microscope, which provides up to 2,000 
times magnification, can image thin biological 
sections, 10 to 20 micrometers thick, in 
transmission mode. To examine a sunflower 
stem, Prasad uses different chemicals to stain 
the specimen. The stain reacts based on the 
cell wall composition to produce images of 
varying color. The polished surfaces of bone 
tissue can also be examined in reflection 
mode using this microscope. 
“How to get the best image and interpret 
pectin and lignin in plant cell walls or 
the minerals and collagen in bone tissue 
depends on many factors. That’s the 
research piece,” Prasad said.
As she begins her third year at SDSU, 
Prasad has expanded her research to plant 
biomechanics through collaboration with 
researchers on campus, including Assistant 
Professor Febina Mathew and Associate 
Professor Senthil Subramanian from the 
Department of Agronomy, Horticulture and 
Plant Science. This new research is supported 
by a grant from the university’s Research and 
Scholarship Fund and startup funding from the 
Department of Mechanical Engineering. 
“We can use engineering tools to get a different 
view on the structural side for plants,” Prasad said. She 
is imaging the vascular cells in sunflower stems to study 
the effect of stem canker, a disease which causes lodging 
and yield losses. 
“Nutrients are carried through the vascular cells. By 
monitoring the vascular bundles of the stem, we can get 
an idea of plant health,” she said. “It’s like monitoring our 
cardiovascular system.” 
Doing surface profiling
Researchers in the Materials Evaluation and Testing 
Laboratory (METLAB) examine engineering materials using 
the digital microscope and the 3D laser scanning microscope.
“Both are digital microscopes and use light for imaging,” 
Prasad said. Determining which microscope to use depends 
on “how much detail and how much time the user wants to 
invest in getting that image.” 
The digital microscope produces a 2D color image, 
according to Professor Zhong Hu, whose expertise 
is in composites. “It’s like taking a photo, but it has 
a 57-megapixel resolution and up to 2,500 times 
magnification.”
For looking at carbon fibers in a composite sample, the 
digital microscope gives Hu a clear image of the fibers across 
the specimen.
The laser microscope provides a 3D image as well as 
detailed high-resolution data. From this, Hu can calculate the 
percentage volume of fibers in the matrix and measure the 
size and area of the fibers in a cross section. 
“It’s a confocal microscope which uses a laser as its 
light source,” Prasad said. “That makes it possible to get 
magnifications up to 18,000 times—in the nanometer range, 
similar to that of a scanning electron microscope.” 
Before doing scratch or indentation testing, researchers 
need to determine surface roughness using the laser 
microscope, Hu explained. 
When doing indentation testing on specimens with a 
porous structure, such as a pig bone, Prasad said, “I need to 
see how smooth my surface is and locate where I want to do 
the indent.” 
Microscopes 
focus on mechanical properties 
of materials
Doctoral student Mukesh Roy and Assistant Professor Anamika 
Prasad discuss the vascular structures of a sunflower stem.
continued on next page 9
After doing the indentation, Prasad can also precisely 
determine the depth and width of the deformation using 
the 3D laser microscope. “We can exactly quantify the 
deformation it created in the micrometer range,” she said. 
Using the micro/nano hardness tester, Prasad can determine 
the specimen’s mechanical properties nondestructively, 
including hardness and elastic modulus.
The laser microscope automatically scans a specimen from 
a certain height to a specific depth as determined by the user. 
“You not only get the image, but also the data on each plane,” 
Hu said. “You can take a small area and use the graph to plot 
your results; each of the data points is incremental in the 
nanometer level.”
This wide range of imaging technologies is available, not 
only to university researchers developing new engineering 
materials, but also to companies wishing to determine 
whether a new material or component is suitable for a 
specific use.
Different types of stain react based on the wall composition to produce 
these images of the structures within a healthy sunflower stem. These 
digital two-light optical microscope images show the vascular structures 
in a healthy sunflower stem at different times in their growth.
Six weeks growth Eight weeks growth 10 weeks growth
Master’s student Sai Rajkumar Vadla, a graduate 
research assistant at the Materials Evaluation and 
Testing Laboratory, scans a spring using the laser 
microscope.
Graduate research assistant Beatriz De Souza scans a specimen using 
the digital microscope to verify the dimensions of the samples prior to 
mechanical testing. 
After indentation testing on a bone specimen, 
the depth and width of the deformations can be 
















Doctoral student Khan Mamun Reza places a 
perovskite thin-film sample into the scanning 
electron microscope.
When it comes to capturing sunlight and converting it into electricity, measuring 
the physical and chemical properties 
of thin-film materials is crucial, 
according to Qiquan Qiao, the Harold 
C. Hohbach Endowed Professor in 
Electrical Engineering.
“When we make materials 
using nanoparticles, nanorods 
or nanotubes, we need see how 
such nanostructures are deposited 
on the substrate,” he said. These 
nanostructures of optimized 
dimensions can better trap and 
absorb sunlight with a wider 
spectrum, transport and collect the 
charges more efficiently, thereby 
increasing solar cell efficiency by 
capturing and converting more solar 
energy.
As the director of the Center 
for Advanced Photovoltaics 
and Sustainable Energy based 
in Daktronics Engineering Hall, 
Qiao oversees three atomic force 
microscopes and a scanning 
electronic microscope.
 Qiao and his group are developing 
new thin-film materials to increase 
the efficiency of solar cells. The 
researchers are improving battery 
technologies by developing materials 
that last longer and can store more 
energy. Seven doctoral students and 
two master’s students work  
on this research.
continued on next page
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Qiquan Qiao 
Harold C. Hohbach Endowed Professor 
Department of Electrical Engineering
qiquan.qiao@sdstate.edu
Doctoral student Khan Mamun Reza places a perovskite  
thin-film sample into the scanning electron microscope. 
This scanning electron microscope image shows the size and 
shape of the zinc oxide nanorods in the thin-film material, 
which can then be used as the anode material for lithium ion 
batteries or as part of the electron transport layer in polymer 
and perovskite solar cells.
Scanning sample using electron beam
The scanning electron microscope (SEM) uses a focused 
electron beam that interacts with the atoms in a sample in a 
vacuum chamber.
 “The electron gun injects electrons on the surface. These 
primary electrons go into the material and kick electrons out of the 
sample,” Qiao said.  A detector collects data on the backscattered 
electrons based on chemical composition. The stored values are 
then processed via software to produce a 3D image of the surface 
structure.
Qiao and his group can track the formation of perovskite 
nanorods in thin-film materials using the SEM, which is capable 
of up to 300,000 times magnification. In addition to characterizing 
thin-film materials, the SEM provides nanoscale images of 
biological samples, such as bones and sunflower stems. However, 
because SEM imaging takes place in a vacuum, biological 
samples, such as bones and sunflower stems, must be coated with 
a conductive material, such as gold or silver, explained Assistant 
Professor Anamika Prasad. “It takes more time, but what we get in 
return is a finer resolution image,” she said.
The SEM is also suitable for determining the morphology of 
materials for pharmaceutical and dairy science applications. This 
provides details about the shape and structure of the material, 
including the size and positioning of nanoparticles.
Through a two-year, nearly $60,000 grant from the South Dakota 
Board of Regents, Qiao and his team will increase the resolution of 
the SEM from 100 nanometers to 10 nanometers by adding field 
emission scanning capabilities to the microscope.
Using touch microscopy
The atomic force microscopes measure the interaction of a 
probe with the specimen surface. A tiny atomic-scale tip runs 
across the sample detecting the force between the tip and the 
surface using a laser. 
“It’s a tactile measurement that is very sensitive,” Qiao said. 
While optical microscopes have a defraction limit, the atomic 
force microscope can map features on the material surface with 
subnanometer resolution. That data is then processed to produce 
a nanoscale image of the specimen surface. 
Atomic force microscopy enables researchers developing solar 
cells, batteries and sensors to determine the morphology of their 
devices, according to Qiao. 
For instance, solar cells developed using perovskite as a 
semiconductor have achieved high efficiency rates, with a solar 
Through SEM imagery, researchers can make precise 
measurements of cell structures, such as the xylem and 
phloem, in a sunflower stem.
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panel converting as much as 20 percent of the sunlight into electricity. 
“We know the material structure, but we don’t know how it functions to give 
high efficiency,” Qiao said. The atomic force microscope can help researchers 
understand the relationship between the material design and the final device 
performance. 
The Bruker atomic force microscope can be used to examine biological 
samples as well as engineering materials. Assistant Professor Rouzbeh 
Ghabchi of the Department of Civil and Environmental Engineering is using this 
microscope to map the nanostructure of asphalt binder (see story on his asphalt 
research p. 6). 
Adding Kelvin probe force capability
Through a National Science Foundation-funded project, Qiao and his team 
developed the capability to do nanoscale mapping of specimens by adding 
Kelvin probe force microscopy to an atomic force microscope. 
This unique Kelvin probe feature allows researchers to map the electrostatic 
potential of a sample surface, thereby determining the potential charges trapped 
on the cross-section surface and near-surface region. The data is processed to 
determine charge carrier lifetime, transport lifetime and diffusion length.
When developing new battery technologies, this capability helps researchers 
understand why certain nanostructures have a high capacity to store charge, 
Qiao explained. Furthermore, his research team can study the material’s 
evolution through multiple cycles. 
“We can see why the battery dies after a specific number of cycles,” he 
said. “We want the material to remain stable. If the anode material degrades 
and becomes powdery, then the electrode loses its morphology.” Due to this 
deterioration, the battery loses its ability to hold a charge.
Using this feature, Qiao and his team can also examine the junction 
between the two semiconductor materials that make up a solar cell. The two 
semiconductors are comprised of a donor material that absorbs sunlight and 
excites electrons to produce electricity and an acceptor material that captures 
the energy. Each donor-acceptor unit absorbs light at a specific wavelength or 
within a waveband.
Multijunction solar cells use multiple donor-acceptor layers tuned to different 
wavelengths to gather a greater percentage of the available light energy. The 
more efficiently the energy moves through these junctions, the better the solar 
cells perform.
Through these high-power microscopes, researchers can develop thin-film 
materials that more efficiently capture and store energy.
Bahrami processes data gathered through the 
Kelvin probe force feature of the atomic force 
microscope to map the electrostatic potential  
of a perovskite thin-film sample.
Doctoral student Behzad Bahrami loads a 
specimen to gather data through the Kelvin probe 
force feature of the system.
The Bruker atomic force microscope measures 
the interaction of a tiny atomic-scale tip with the 
specimen surface using a laser.
This topography image from the atomic force microscope scanned 
using Kelvin force microscopy shows the size of the crystal 
perovskite particles and the roughness of the thin-film surface.
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Buy an inexpensive 3D printer and see where it takes you.” That advice from a colleague 
set Assistant Professor Todd Letcher 
on the path to developing additive 
manufacturing expertise in the 
Department of Mechanical Engineering. 
“At the time, 3D printing had just 
started booming,” said Letcher, who 
came to SDSU after completing his 
doctorate at The Ohio State University 
in 2012. His graduate research focused 
on materials characterization and the 
mechanical behavior of materials related 
to fatigue. 
A one-year assignment as a 
postdoctoral researcher for the SDSU  
Materials Evaluation and Testing 
Laboratory (METLAB) helped lay the 
groundwork for Letcher’s research. 
“That was the starting point for most 
of the printing work,” he said. “Most of 
it comes back to making samples and 
testing them in the lab. I started from 
things I know and then branched out into 
3D printing.” 
He bought his first printer in 2014 with 
support from the university’s Scholarly 
Excellence Fund. His lab in Crothers 
Engineering Hall now has about a dozen 
specially modified 3D printers. 
“Nothing in the lab is the same way it 
came to us,” he said, pointing out that 
his students alter printer hardware and 
software for specific applications.  
Components with complex geometries 
can be created with a variety of materials 
that are lightweight and strong—and in 
some cases, biodegradable—using 3D 
printing techniques, Letcher explained. 
Though he’s explored many avenues, 
the connections he’s made have led to 
biomedical and space applications of 
3D-printed parts.
Building tissue scaffolding
Letcher’s visit to the University of 
South Dakota Biomedical Center to help 
Sanford researchers with a tensile tester 
led him to biomedical applications for 3D 
printing. 
The researchers wanted to build a 
scaffold to bridge the gap in an infant’s 
esophagus due to a congenital condition 
called esophageal atresia. Only one 
surgery would be required to implant the 
scaffold and the tissue would grow to fill 
the gap, eliminating the need for multiple 
surgeries, explained SDSU graduate 
student Beatriz De Souza, who worked on 
the project as her senior design project 
under Letcher’s guidance. 
The Sanford team’s material of choice 
was a polymer called polyglycerol 
sebacate acrylate. The polymer can 
be used for soft tissue repair and 
regeneration, including skin and 
cardiovascular and nerve tissues.
“The material’s properties can be tuned 
to the characteristics of the tissue. Once 
the area heals, the material degrades in 
a controlled way without producing any 
toxic products,” Letcher said. 
De Souza’s research has focused on 
adapting the material to the 3D printing 
process and, possibly, improving its 
properties for tissue scaffolds.
Typical bottom-up material deposition 
printing did not work, so De Souza 
modified the polymer, with help of 
Associate Chemistry Professor Cheng 
Zhang, to make it a photocurable resin. 
That allowed her to use a digital light 
processing printer that utilizes a top-
down approach, essentially “pulling” the 
photocured layers out of the vat of resin.
She subsequently switched to a 
liquid crystal display 3D printer, called 
X-Cube, to achieve the accuracy needed 
for a tissue scaffold. After modifying 
the printer and the polymer to decrease 
its curing time, De Souza used Fourier 
Transform Infrared Spectroscopy to 
make sure the material retained the same 
chemical composition. She validated her 
findings using published results.
In addition, De Souza compared the 
viscosity of the modified polymer to 
that of resins commonly used for LCD 
3D printing, thanks to assistance from 
Assistant Professor Anamika Prasad 
whose expertise is in biomaterials. 
“It’s very important for this application 
to know how viscous the fluid is,” 
De Souza said.  “As each cured layer 
emerges, the resin must flow back into 
the middle of the reservoir to continue 
building the structure.”  
   Researcher develops
    3D printing for biomedical, 
        space applications
LEFT: The spool of filament, top left, feeds through the printer head which moves according to programmed directions.  
MIDDLE: Components with complex geometries can be created with a variety of materials using 3D printing. 
RIGHT: This microscope image shows the outer membrane of live cells on top of the modified polymer. This image confirms  
that fibroblast cells can survive on tissue scaffold.
“
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“I started from things I know  
and then branched out into 3D printing.”
Todd Letcher 
Assistant Professor 
Department of Mechanical Engineering
todd.letcher@sdstate.edu
The mechanical and rheological 
properties of the material are key factors 
in tailoring the scaffold and the printing 
process for the desired application.  
De Souza did tensile testing of dog 
bone-shaped specimens to determine the 
material’s mechanical properties—tensile 
strength, maximum elongation and 
Young’s modulus of elasticity. 
“This material can go through a lot of 
stretching without losing its mechanical 
properties,” she said. 
After presenting her work at the 
Materials Research Society Conference 
in April, De Souza is experimenting with 
integrating live cells into the material 
in collaboration with Assistant Biology 
Professor Mark Messerli. 
This adaption could make the material 
more useful for scaffolds designed to 
regenerate skin for treating wounds and 
burns. By using fluorescent microscopy, 
Messerli has confirmed that the fibroblast 
cells are surviving and proliferating  
on top of the scaffold. (See top right p 14)
Using 3D printing in space
When looking for research partners, 
Letcher visited a website about 3D 
printing for the International Space 
Station—and recognized Michael Snyder 
from The Ohio State University who 
was once Letcher’s student and is now 
chief engineer at Made In Space. That 
connection has led to Made in Space 
sending parts to METLAB for testing.
The company specializes in gravity-
independent manufacturing technologies 
and works on ArchinautTM, a NASA-
funded project to combine robotics and 
additive manufacturing to make parts and 
assemble them on the space station. 
“We are one of about 20 or so 
facilities working on the ArchinautTM 
project,” Letcher said. He is also building 
this private-public partnership by 
collaborating on several Small Business 
Innovation and Research (SBIR) 
proposals. 
“Recycle and reuse takes on a whole 
new meaning when it comes to the space 
station,” he explained. A reel of material 
for 3D printing is worth $30 on earth, 
but $20,000 at the space station because 
of the cost of getting it there. The idea 
is to print a tool or part and once it’s no 
longer needed, recycle the material so 
it can be used to create the next tool or 
part needed.
Letcher and graduate student Paul 
Melino, who began in 3D printing as a 
senior design project, are investigating 
the recycling potential of specific 
printing materials. Essentially, Melino 
is answering the question, “How many 
times can you reuse the material before it 
becomes too brittle and weak?” 
Melino has evaluated polylactic acid, 
a thermoplastic polymer made from 
corn starch or sugar cane. To do this, 
he printed a part with the material, then 
heated it and made a sheet, which he ran 
through a paper shredder and ground 
into pellets. These were then extruded 
into a filament again. 
For each iteration, he evaluated the 
material’s strength using an Izod impact 
tester. “The print direction is incredibly 
important because of how the layers 
are added on top of each other,” Melino 
pointed out. 
“The weakest point is in-between the 
layers, so printing a part in an orientation 
that causes the loading to be in a tensile 
stress state across the layers will cause 
it to be weaker than another print 
orientation,” Letcher explained.
Next, Melino will use high density 
polyethylene (HDPE), a common plastic. 
“It’s used to make milk cartons, 
plastic bags and even drain tile,” 
Melino said. This may make it possible 
to use packaging designed to protect 
components during the journey to the 
space station as printing material. 
LEFT: Graduate student Beatriz De Souza places polyglycerol sebacate acrylate, a polymer used for soft tissue repair and regeneration, into the vat 
of a liquid crystal display 3D printer. MIDDLE: Each dog bone specimen (shown above) is measured before doing tensile testing to determine the 
material’s mechanical properties. RIGHT: The polymer specimen is positioned in the grips of the Insight machine to do tensile testing.
continued on next page 15
Grantswinship Awards
Faculty members in the Jerome J. Lohr College of Engineering who secured or had research expenditures of $100,000 or more during the 2017 fiscal year are—
front row, from left, Rouzbeh Ghabchi, Huitian Lu, Larry Leigh, Mostafa Tazarv, Semhar Michael and Tim Hansen; second row, Francis Ting, Qiquan Qiao, Suzette 
Burckhard, Ross Abraham, Chris Schmit and Nadim Wehbe; back row, Dennis Helder, Rich Reid, Sharon Vestal, Cedric Neumann, Chris Saunders and Stephen 
Gent. Not pictured are Tom Brandenburg and Greg Vavra. 
This summer, Letcher received a $25,000 grant from NASA 
and the National Space Grant Foundation to develop novel 
feedstocks for in-space additive manufacturing applications.  
SDSU is one of 10 university teams working on technologies to 
support NASA’s deep space exploration capabilities. This is part 
of the eXploration Systems and Habitation Academic Innovation 
Challenge, also known as X-Hab. 
As part of the grant, Letcher will implement the NASA systems 
engineering approach to project management for all of the 
teams in his senior capstone design class during the 2018-19 
academic year. 
More importantly, a select team of four or five senior design 
students will collaborate with NASA to develop and test 
materials that can be 3D printed in space yet are stronger than 
commonly used 3D printing filaments.
“The goal is get something approaching the strength of 
metal,” Letcher explained.
The team will meet regularly via videoconferencing with NASA 
engineers who will help select the materials and guide their work 
with input from commercial partner Made In Space. 
The students will work with a variety of new materials, 
printing specimens to be tested at METLAB. Materials that 
show potential will be used to print real-life objects, such as 
brackets, containers or wrenches, Letcher said. He sees this as 
an opportunity to further build 3D printing capabilities through 
research with Made In Space and NASA.  “It’s a neat program 
with lots of good ideas that will help us,” he said.
Through these research projects, Letcher can begin 
harnessing the power of 3D printing and further developing its 
potential applications on Earth and in space. 
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Tazarv receives Young Investigator Award
The sounds of timber cracking and concrete 
crumbling are a sure sign that Assistant 
Professor Mostafa Tazarv and graduate 
students from the Department of Civil and 
Environmental Engineering are testing a full-
scale bridge or bridge components to failure 
in the J. Lohr Structures Laboratory. 
Tazarv, who has worked on research 
projects totaling more than $1.2 million, was 
recognized with the 2018 Young Investigator 
Award at the Jerome J. Lohr College of 
Engineering scholarship banquet.
Tazarv came to SDSU in fall 2015 from 
the University of Nevada, Reno where he 
completed his doctorate in August 2014 and 
was a postdoctoral scholar at the Center 
for Civil Engineering Earthquake Research. 
His research was focused on designing 
components that make bridge construction 
faster and can also withstand severe 
earthquakes with minimal damage. 
At SDSU, his research helps South Dakota 
transportation engineers find viable, 
durable, sustainable and cost-effective 
bridge systems when replacing or repairing 
bridges. 
Through structural testing of full-scale glue-
laminated timber girder and slab bridges, 
Tazarv confirmed that timber bridges are 
viable options for low-traffic county and 
township roads. Another research project 
showed the feasibility and suitability of a 
new precast bridge system for local roads. 
He is working on a new concept that 
can make buildings and bridges fully 
prefabricated, as well as able to be repaired 
after a severe event, such as an earthquake 
or hurricane. A U.S. patent regarding this 




Civil & Environmental Engineering
mostafa.tazarv@sdstate.edu
Burckhard first female engineer to receive Outstanding 
Researcher Award
It’s a first. Professor Suzette Burckhard is 
the first female engineering faculty member 
to receive the Jerome J. Lohr College of 
Engineering’s Outstanding Researcher Award 
at the university’s Celebration of Faculty 
Excellence. 
But she’s no stranger to notoriety. In 1997, 
Burckhard became the first female tenure-track 
faculty member in the Department of Civil and 
Environmental Engineering. She also developed 
an online curriculum for her environmental 
geotechnical and hydrology classes in 2000—
yet another first. 
As a new faculty member, her research 
focused on water quality and soil contaminant 
removal. Building in her doctoral work at 
Kansas State University, Burckhard used 
satellite imagery to monitor the use of 
vegetation to help clean soil contaminated 
with petroleum, organic chemicals and/or 
heavy metals. She was part of a South Dakota 
Space Grant Consortium Faculty Research 
Program at the U.S. Geological Survey Center 
for Earth Resources Observation and Science. 
 
In the last two decades, Burckhard has been 
involved in $3 million in funded research. She 
has mentored one postdoctoral researcher, 
two doctoral students and more than 50 
master’s students, as well as numerous 
undergraduate students. 
Since 2010, she has been principal 
investigator for more than $1 million in 
National Science Foundation funding aimed 
at encouraging Native American students 
to become engineers, known as the Pre-
Engineering Education Collaborative (PEEC). 
The project is a collaboration among faculty 
and students at Oglala Lakota College and 
faculty from the South Dakota School of 
Mines and Technology.
In 2016, Burckhard and research associate 
Joanita Kant compiled and edited “The PEEC 
Experiment: Native Hawaiian and Native 
American Engineering Education.” The book 
describes strategies to engage students 
through experiential learning relevant to 
Native American communities and can be 
downloaded for free through Open Prairie at 
http://openprairie.sdstate.edu/cvlee_book/.
Engineering researchers receive college, university awards
AWARDS
Suzette Burckhard 
Professor/Assistant Department Head 
Civil & Environmental Engineering
suzette.burckhard@sdstate.edu
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